Plant architecture is shaped through the continuous formation of organs by meristems [1] . Class I KNOT-TED1-like homeobox (KNOXI) genes are expressed in the shoot apical meristem (SAM) and are required for SAM maintenance [2-6]. KNOXI proteins and cytokinin, a plant hormone intimately associated with the regulation of cell division [7, 8] , share overlapping roles, such as meristem maintenance and repression of senescence [2, 9-11], but their mechanistic and hierarchical relationship have yet to be defined. Here, we show that activation of three different KNOXI proteins using an inducible system resulted in a rapid increase in mRNA levels of the cytokinin biosynthesis gene isopentenyl transferase 7 (AtIPT7) and in the activation of ARR5, a cytokinin response factor. We further demonstrate a rapid and dramatic increase in cytokinin levels following activation of the KNOXI protein SHOOT MERISTEMLESS (STM). Application of exogenous cytokinin or expression of a cytokinin biosynthesis gene through the STM promoter partially rescued the stm mutant. We conclude that activation of cytokinin biosynthesis mediates KNOXI function in meristem maintenance. KNOXI proteins emerge as central regulators of hormone levels in plant meristems. 
lowing STM activation, levels of several cytokinins increased within 6 hr and continued to increase after 24 hr (Table 1 ). The most dramatic increase was observed for trans-zeatin riboside 5#monophosphate (tZMP) and trans-zeatin riboside (tZR), consistent with the fact that these compounds are primary products of Arabidopsis isopentenyl transferases [17] . Isopentenyladenosine (iPA) and its monophosphate (iPMP) were also significantly increased, as were all trans-zeatin glucoside conjugates, reflecting the ability of AtIPT7 to utilize both dimethylallyldiphosphate and 4-hydroxy-3-methyl-2-(E)-butenyldiphosphate as isoprenoid donors [16] . However, an effect of hydroxylases [16] as well as other cytokinin metabolic enzymes on elevated tZMP and tZR levels cannot be excluded. Concentrations of other cytokinins, such as cis-zeatin riboside and isopentenyl adenine 7-and 9-glucoside, remained unchanged. The increase in ZMP was more dramatic than that of iPMP, which could indicate that IPT7 is feeding into both ZMP and iPMP, or that the conversion from iPMP to ZMP is very rapid.
These results indicate that STM activity is sufficient for the activation of cytokinin biosynthesis. This finding is in agreement with recent observations that aerial tissues both express AtIPT genes and can support cytokinin biosynthesis [ Suppression of the stm phenotype by cytokinin could be mediated by cytokinin activation of other KNOXI genes, such as BP. The percentage of recovered stm11 bp seedlings following cytokinin application was identical to that of single stm11 mutants (not shown), arguing against this possibility. However, the involvement of KNAT2 and KNAT6 cannot be ruled out.
To test whether the cytokinin effect is specific to stm, rather than a general effect on meristem function, we examined the effect of cytokinin application on the severe meristem double mutant cuc1 cuc2 [34] . The phenotype of this double mutant was not affected by cytokinin application, suggesting a specific effect of cytokinin downstream of STM (not shown). CUC1/ CUC2 have been shown to be required redundantly for STM expression [35] . However, similar to cytokinin application, STM activation failed to rescue the meristem abortion phenotype in cuc1 cuc2 35S:STM-GR plants (not shown), further establishing the intimate relationship between the activities of STM and cytokinin.
Expression of IPT through the STM Promoter Suppresses the stm Phenotype
If the AtIPT7 gene is a major target of STM, can the process be "short-circuited" by replacing the STM gene with its target, IPT? We expressed the Agrobacterium tumefaciens IPT gene through the STM promoter in stm1 mutants, using the LhG4 trans-activation system [36] . When grown on MS plates without hormones, Figures 3E-3J) . Strikingly, their recovery was from the site of the aborted meristem (Figure 3G) , rather than from the fused cotyledon petioles, as seen in naturally recovered stm2 alleles, or in stm1 and stm11 recovery following exogenous cytokinin application ( Figure 3C) . Moreover, percentages of recovery were much higher and recovered plants produced normal-looking leaves. Some of the recovered plants bolted and produced abnormal flowers (Figures 3H and  3I) . That the "rescued" plants indeed bear the stm1 mutation was confirmed by sequencing. Thus, expression of a cytokinin biosynthesis gene in the STM expression domain substantially suppresses the stm1 phenotype, indicating that specific spatial cytokinin production can partially substitute for STM function. stm STM>>IPT plants still showed some weak stm phenotypes, such as fused cotyledons and abnormal inflorescence and flowers, which is consistent with the existence of additional STM targets [37] [38] [39] .
Our combined results indicate that STM acts upstream of cytokinin, at the level of cytokinin biosynthesis, to maintain an active meristem. This is in agreement with results presented in an accompanying report in this issue of Current Biology by Jasinski et al. [40] showing an enhancement of a weak stm phenotype by a mutation in the cytokinin receptor gene wooden leg (wol) [ 
